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B
 'J5)N0E 
(X, A, G, F ) 1 V#
2 X  'J3 V)+ 'B)  K*L"  *'54
2 A  'W63 V)+A'BB)!  B)NL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B = (X
7
A, G, F )" 3 E'5QS^\ZpWjOSXQiXU<W^iCYZQiXU<W
→: X × A × X
'*V ) )
∀x,x′ ∈ X ∀a ∈ A . x
a
→ x′ ⇐⇒
Ga(x) ∧ x′ = F a(x)
=






B = (X, A, G, F )
PZpW§Z<TQiXU<W
a ∈ A
XOD"  ^SU<B OSU[BCORQiZpQSCX
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B = (X, A, G, F )
E EDL#)C
U ∈ P(X)




 ' )  EDL#)C
prea(U) = G
a ∧ U [F a(X)/X ]
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pre  c0(U) = U 7 








  ) ! #'*)')NLI 
Y = U ∪ pre  c(Y ) 7)V)  '57)V$&)4DQ BQ 
DB6'''J 
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pre  c(U) NM.ORU<B%CTU<W2QS^iU[Z[ACEZ[TQiXU<W4XWjgACbmCWjgPC0W2QU[Qi>ACUPTTVj^S^iCWjTCU[)VjWjTU<W<Qi^SU<YZpjChZ[TQSXU[WjO0
­ "!"# | # ±$! -'! !#" ~P} # ~ ! |<,  K













= .  &K(*LV)
U 6=








­ "!"# | # ±$!: ' 
5­ {0|} # [| # ±$! , . ^SC:OaQi^SXYTQiXU<W  
B = (X, A, G, F )
 ',)40











B/V = (X, A, G′, F )












blocked(a) = Ga ∧ ¬(Ga)′
AZ[Wjg§CQ
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	7± |0~P| # ±$! {< U[^
A′ ⊆ A
ACQ
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L)C'"E
= (Cij)ai∈Ac,aj∈A
= ;







































(x) = {ai ≺ aj | Cij(x)}
mCQi>ACbj^SXU[^iXQaMdgPC !jWAC0g
NM 
ZpQ_c«gPMNWjZpBXYTHbA^SXU[^iXQaMXO *#  K?X
Cij =⇒ ¬Cji
U<^*Zp
(ai, aj) ∈ Ac × A

­ "!"# | # ±$!	 '*) }~ ! { # | # "f­  + ± { } ­ ,  K 
*L*)N%
≺ 1  BE)C  % ≺+ )VW)4D'*)NK(BQ'#	 
≺





 + ) 	Q('*)
%E,LE*L*)4%$'VA) )
∀i, j, k . Cij ∧ Cjk =⇒ Cik
=
 } ±¦± { # | # ±$! %(' yp| # "# | ® } ­ { ­ } " ~P| # ±$! ,. %E,L E*L*)N% E  3 E'  "FQO 6D
#*'*)N*L)NLW E +  ' *D
 "K =
­ "!"# | # ±$!&% '5E±  ¦± { # | #±+!
⊕
±( } # ± } # | #­ {<,   KB ) 1  E*L*)NL*' ≺1 E ≺2 )V 6V('*)NL  '
≺1 ⊕ ≺2= (≺1 ∪ ≺2)+
=  K(B ) 1  %E,L/
*L*)NL*' 




k = 1, 2
7 ) BJ'*)4LW ' E 1 ⊕ E 2 = ((C1ij ∨ C2ij)ai∈Ac,aj∈A
)+ =
 } ±¦± { # | # ±$! ;
VJ:VBD)NL
⊕




 1 ⊕ E 2)(x) =




















­ "!"# | # ±$!&%+% '5E±  ¦± { # | #±+! ,  B)
Bi = (Xi, Ai, Gi, Fi)
7
i = 1, 2
7 1 )  X1 ∩ X2 = ∅
E
A1 ∩ A2 = ∅
=(Z)
A12 ⊆ {a1|a2 | a1 ∈ A1 ∧ a2 ∈ A2}
=
B1‖A12B2
 'J 3 
1' ) J)NDV')NL
'*%('*)+
(X1 ∪ X2, A, G, F ) 1
BD
2 A = A1 ∪ A2 ∪ A12 1
)
Ac = Ac1 ∪ A
c
2 ∪ {a1|a2 | a1 ∈ A
c












1 ) ai ∈ Ai
7
i = 1, 2
4





F (a) = F1(a1) ∪ F2(a2)
 K#B)+5 ! '98B&)ZEB)NL'   
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B = (A, X, G, F ) =
∥
∥  {B1, . . . , Bn}/V
XQS>
Bi =
(Ai, Xi, Gi, Fi)






















































































{a ∈ Ack |
(
prea(pre  cj−1)(U))(x)} UpQS>jC^iXOSC
>jC^iC
j = min{i |
(
pre  ci(U))(x)} XYOQS>jC5WNVABmC^EUp*ORQSCbfOQSU"OaQiCC^ B ^iU[B  QSU U   CQ
dk(x, U) = j
gPCWAU[QSCQi>AXYOEgPXYORQiZpWfTC[ZpWfgCQ













TU[BbmU[WAC0W<Q\O5>fZ©¨[C7QiUmCVA^SQS>jC^dgPC0TU[BbfU2ORC:g(uU<^Z[WZpjORQS^\Z[TQSXU[W mC"VfORC:g QSU TU<B%bjVPQSC"QS>AC
OiT\>AC:gPVAC^\O
 CQ
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∧ c• ⊆ Ac
}
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ZpXWI 
c
=







$  T\>AU<XTC (  . (s∗(x, a)A)) 9 $  F a′(x)UPg
DU<WjORXYgPC0^HOSU[BCEZ<TQiXU<W





























































 ′) ∈ unblock(a) XQS> reach(c′)(x) 








legal  enabled(a, i,x) 6= ∅
(
s0(x, a′)c,≺, s0(x, a′)A
) UpQi>AC^iXOSC
>jC^iC
legal  enabled(a, i,x) = EA(x)/si(x, a)≺ ∩  . (si(x, a)A) (XOuQS>ACOSCQU[Z[TQSXU[WjO*QSUfCOiT\>AC:gPVAC0gQi>jZQ*Z[^SCCWjZ[AC:g(
a′ = choice(A/si(x, a)≺ ∩ si(x, a)A)






)  ­N± } ­  % ' 
5­ ~A )~Pz # + # | ® , . Z")NLV' 
Ac r

 DJD"  J
B = (X, A, G, F )
 
 =





















D;  = DU<WjOSXgPC0^ORU<B%CTU[W2QS^iU[Z[AC%TU[BbfU<WACW2QZ[TQSXU[W















































































legal  enabled(a, i,x) 6= ∅ $ OSVAbAbmU<OSC"U<W Qi>ACTU[W2Qi^iZ[^SM QS>jZpQ ∀j . legal  enabled(a, i,x) =
∅
 M <aq(>dZpWjg gPC !jWAXQSXU[W«U[ E
consist





legal  enabled(a, i,x) = ∅ W7)XWjXQiCWAC:OSO%Up A XBbAXC0OQS>ACC£PXYOaQiCWjTC5UpuZTX^iTVAXQ%XW E consist >jXT\>XOXWTU<W2QS^\Z[gPXYTQiXU<WQSU%>NM2bmUpQi>AC0OSXYO<;t>_=?>2VfO
[si]i
TU[WN¨[C0^Sx<C0O0pQS>fZQXO0PORU<BCHZ<TQSXU[W§QSUfC
OiT\>AC:gPVAC0ghXYOCWfZpAC0ghXW   CQ
s∗(x, a) = sj(x, a)
OSVjT\>hQS>jZpQ
j = min{i | legal  enabled(a, i,x)
6= ∅}
AZ[WjgCQ















dist0(x, a) = κ|A| × d(x, c0)








dist∗(x, a) = distj(x, a)
>jC^iC


























pre  ci−1(U))(x) ZpWjg a1 ≺ai,ci,ksched a2 fZpWfgQi>NVjO
a1 ≺∗ A∗









cj (j < i)
XYO§ZpbjbA^SU2Z[T\>AC:g( =?>NVjOCXQS>jC^












dist∗(x′, a) < dist∗(x, a)
_Q?U[U*O¦QS>jZpQ



















E± } ± + + ~P} ® % ' 
5­ ~A  ~Az # + # | ® , Z)
U ∈ P(X)
   EDL#)C   =
U
 '8D"    W
" *'BB*K(B EBV)
o(U) = (∅, {alive}, {Galive =
)N*V
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$', K
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U



























U c1.run = sched.enable1

U c2.run = sched.enable2

U sched.choose1 = ¬c2.running

U sched.choose2 = ¬c1.running













sched.enabled1, {sched.choose2 ≺ sched.choose1, c1.run ≺ sched.choose1, c1.run ≺









¬c2.running ∧ sched.enabled2, {sched.choose1



























not running not running
idle
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c, {sched.choose1 ≺ sched.choose2, c2.run ≺ sched.choose2},
{sched.choose2}
) >AC^iC




s1(x, c2.run) = s0(x, sched.choose2) =
(
c′, {sched.choose1 ≺ sched.choose2, c2.run ≺





{sched.choose1 ≺ sched.choose2, c2.run ≺ sched.choose2, sched.choose2 ≺ c1.stop,
c2.run ≺ c1.stop, sched.choose1 ≺ c1.stop}, {c1.stop}
) >AC0^SC
c′ = sched.idle ∧
¬c1.running
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c, {sched.choose1 ≺ sched.choose2, c2.run ≺ sched.choose2},
{sched.choose2}
)  	 #'('")XYO !j^iC0g(C:Z[gPXWAxQi>ACORMPORQSCBQiU
















2QS>jCx<U<Zpf>jZ[O¦fC0CW^SC:Z[T\>AC:g( 	   '>jZ<gmCCWgPXYOSZ[AC:gXW5OaQ\ZQiC
Qi>ACHbA^SXU[^iXQaM






































  & 	%' $
cux<U[^iXQi>AB q?>jZ<OfC0CWXB%bjC0B%C0W2QSC0g%XW%QS>AC
	 ¦QSUNU[;@0"CXVjORQS^\ZQiC?QS>AC*TU[WjORQS^iVjTQiXU<W
U[VAWNAUPT\¥2XWAx OST\>jC0gPVAC0OZpWfg Qi>ACX^7ZpbAbAXYTZQiXU<WXQS> ZQi^iZ[WjOiZ[TQiXU<W C¨[C0BUPgPC0$< =  GW>5U[
QaU7BZ[ORQSC0^bA^iUNTC0OiORC:OHQS>jZpQ%T0ZpWTZ[ORYZ©¨[CbA^iUPTC0OiOSC0O¨NXYZ7Z7OR>jZ[^SC:g¤AVjO0d=?>jC§C£AZpBbAC[)Q\Zp¥[C0W
^iU[B Sq:t(U;XO%U[^iXx[XWjZpMª^iXQSQSC0WXW KNMPORQSC0B§D Sq:vP   U¦VjOSXWAx¤Z¤=  GXA^\Zp^iMªbA^SU¨NXYgPC0gNMKP=
G.XT^SUNCC0TQS^iU[WAXYTO0 0"C>jZ©¨[C.^iC^iXQRQSC0W XQXW Qi>ACXWAbAVAQYZpWAx<VjZpx<C7Up
	 *OSXx[>2QiM
OSXB%bjXMNXWAxXQ*AVPQubj^SC:ORC0^S¨NXWAxQi>ACKNMPOaQiCB5DORC0BZ[W2QSXYTO0
=?>AC%C£AZ[B%bjCORMPORQSC0B TU[WjOSXYOaQ\OU[ !j¨[CTU<BbfU<WACW2QiO%$QaU5bA^iUPTC:OSOSC0O    # #  ZpWjg  

  #  )ZdAVfOZp^iAXQSC0^   ! f)Z[Wjg"QaUOSYZ©¨[CbA^iUNTC0OiORC:O     #  #"§Z[Wjg  ,#











action WriteAccess if not active do data:=tac_seq.data, active:=true;
component status_slave
bool active, signal;
action WriteAccess if not active do 
       signal:=signal_master.signal, active:=true;
component signal_slave
action check_ok if active and not signal do active:=false;
action check_err if active and signal do active:=false;
bool status;
int q, address, data;
action write1 if q=0 do 
       address:=status_master.address, data:=status_master.data, q:=1;
component tac_seq
action write2 if q=0 do address:=signal_master.address, q:=1;
action call1 if q=1 and address=0 do q:=2;
action call2 if q=1 and address=8 do q:=2;
action no_response if q=1 and not (address=0 or address=8) do 
       status:=true, q:=2;
action done if q>=2 do status:=false, q:=0;
write | write1 return | done write_port | write2 return | done
call1 | WriteAccess call2 | WriteAccess
bool waiting, status;
component status_master
action write if not waiting do waiting:=true;
action return if waiting do status:=tac_seq.status, waiting:=false;
const address=0, data=4321;
action wait_sc_zero_time if false do signal:=new_signal;
action write_false if q=0 do new_signal:=false, q:=1;
action write_port if q=1 do q:=2;
action return if q=2 do q:=0;
const address=8;
int q;
bool waiting, signal, new_signal;
component signal_master
action check_ok if active and data=4321 do active:=false;
action check_err if active and data!=4321 do active:=false;
7 Xx[Vj^SC - $X7jU[VA^bA^iUPTC:OSOSC0O?TU<BBVAWAXYTZpQSXWAxU¨[C0^?ZOS>jZp^iC0gAVjO0

    #"#[=?>AChYZQRQiC^?^iC0Z[gjO¦Qi>ACORXx[WfZp4ZpWjgT\>AC0T\¥PO¦QS>jZpQXQXYOX 'B0X?*UC¨[C0^0NZ[T0TU<^igPXWAxQSU%QS>AC
KPMNORQSC0B5D ORC0BZ[W2QSXYTO0   
    #"#gPUNC0OWAUpQH^SC:Z[gdQi>ACWjCM7^SXQRQiCW.¨ZpVACEVAWAC0OiOuU[x<XT0ZpQiXBC
>fZ[O?bA^iU[x<^SC:OSOSC0g(NBUPgPCC0gNM5Z      % " '    Z<TQSXU[WUp  ,#














    # #   	            # #   	   
     
  #   	       '(     ,#
  #   	   
2
   )# 	     "      )# 	     $      )# 	 
        )! &	 
        )! &	 "',      !   #"#	       $)      




   #"Z[?Z©MPO^SC:Z[gAO
 'B0_=?>jZQ?XO0PCHZ[^SCHXW2QiC^iC0ORQSC0g5XWQS>jCH^iC0Z<T\>jZpjXXQaMU[ Z[TQSXU[W*   
    #"#	 #$   ;"M5ZpbP
bjMNXWAx?QS>AC¦VAWNAUPT\¥NXWAx*OST\>jC0gPVAC0O0#
	  !jWfgAOZ?bjZpQS>h^iU[BQS>AC_XWAXQSXYZp2OaQ\ZQSC
tac  seq.q =
0∧ signal  master.q = 0∧¬signal  slave.active QSUQi>ACuC0^S^iU[^OaQ\ZQSC/$ 〈signal  master.write  false,
signal  master.write  port|tac  seq.write2, tac  seq.call2|signal  slave.WriteAccess〉 7)XWjZpM<AXW
tac  seq.q = 2 ∧ tac  seq.address = 8 ∧ signal  master.q = 2 ∧
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